Objective: Given the difficult to navigate literature on social determinants in Indigenous traumatic brain injury (TBI) we wished to identify all available literature on the social determinants of health linked to TBI in the North American Indigenous populations. Methods: We performed a systematically conducted review. We searched MEDLINE, BIOSIS, EMBASE, Global Health, SCOPUS, and Cochrane Library from inception to January 2016. A two-step review process of the search results was performed, applying defined inclusion/exclusion criteria. The final group of articles had the data extracted and summarized. Results: Ten manuscripts were identified to discuss some social determinant linked to TBI in the North American Indigenous populations. Two studies were focused on Canadian populations, with the remaining 8 studies focused on populations within the United States. Six social health determinants were identified within the studies, including: Rural location (Physical Environment) in seven studies, Male gender in five studies and Female gender in one study (in the setting of interpersonal violence) (Gender), Substance use in four studies and failure to utilize personal protective equipment in one study (Personal Health Practices and Coping Skills), Interpersonal Violence in one study (Social Environment), availability of rehabilitation services in one study (Health Services), and lack of family and friend presence during meetings with healthcare professionals in one study (Social Support Network). Conclusions: To date, little literature is available on the social determinants that impact TBI in the North American Indigenous population. Further research is warranted to better determine the incidence and social determinants associated.
INTRODUCTION
Traumatic brain injury (TBI) is a major source of trauma experienced in the Canadian population. 1 TBI is described as an "…alteration in brain function manifest as confusion, altered level of consciousness, seizure, coma, or focal sensory or motor neurological deficit resulting from blunt or penetrating force to the head." 2 Common causes TBI are motor vehicle accidents (MVAs), falls, sports-related injury, and violence.
TBI is the most frequent source of accidental death and injury and disability in Canada, the United States, and the world. 4 In the United States, approximately 1.7 million people suffer a TBI per year, resulting in 270,000 hospitalizations and 52,000 deaths. 5 Canadian epidemiology describes approximately 23,000 affiliated hospitalizations from TBI and 8% resulting in death. 4, 5 Numerous epidemiological studies have been conducted in the general trauma and TBI literature to define the demographic and social features linked to developing TBI and outcome. All health care providers would benefit from a better understanding of this phenomenon and what may precipitate these injuries. Because of the considerable number of indigenous people afflicted with this injury process, 6 it is important to understand what, if anything, may place this population at risk as a means to guide education and care in this area. Additionally, despite the large indigenous population within North America, there is minimal research in the area of TBI and specifically any social determinants related to TBI.
TBI is a common injury in the general population of North America, yet is noted to affect the indigenous population of North America at a greater prevalence, with 27/100,000 TBI-related deaths versus 18/100,000 in the indigenous and general populations, respectively. 6, 7 Although the TBI risk in indigenous people has been identified, Strayer et al 8 note there are few studies that discuss the social determinants that may affect indigenous people and place them at higher risk to suffer a TBI. The goal of this systematically conducted review was to perform an extensive outline of the available literature to define the social determinants linked to TBI within the North American indigenous population.
METHODS
We performed a review using the systematic review principles outlined Higgins and Green 9 in the Cochrane Handbook of Systematic Reviews. We reported the results of this review following the principles outlined in the preferred reporting items in systematic reviews and meta-analysis guidelines. 10 
Search Question, Population, and Inclusion and Exclusion Criteria
The question posed for the review was: What are the social determinants of health associated with TBI in North American indigenous peoples?
The definition used for the "social determinants of health" is that provided by Health Canada, 11 which includes: income and social status, social support networks, education and literacy, employment/working conditions, social environments, physical environments, personal health practices and coping skills, healthy child development, biology and genetic endowment, health services, gender, and culture. The determinant of culture was a set variable within our review because the goal was to focus on TBI determinants in indigenous populations only. All studies of any design type were included. The reason for an all-inclusive search was based on the small number of relevant results identified during a preliminary search of MEDLINE.
The primary outcome measure of interest was the documentation of social health determinants linked to TBI in North American indigenous populations. The secondary outcome measure was documented incidence rates of TBI in North American indigenous populations.
Inclusion criteria were all studies, any study design, human subjects only, any age category of subjects, indigenous populations only, the documentation of social determinants linked to TBI in indigenous populations, and North American (Canada and United States only) locations of study subjects.
Exclusion criteria were non-English studies, studies failing to document the association of social determinants of health to TBI, studies not focused on indigenous populations, and studies with subjects not from Canada or the United States. We specifically excluded Mexico from the analysis given the complexities in identifying Mexican indigenous populations. There were no dedicated English language studies on TBI from Mexico that focused on indigenous populations. Furthermore, studies originating from the United States did not differentiate Hispanic from Mexican indigenous populations, lumping all Hispanic populations into one category.
Search Strategy
MEDLINE, BIOSIS, EMBASE, Global Health, SCOPUS, and the Cochrane Library from inception to January 2016 were searched using individualized search strategies for each database. The search strategy for MEDLINE can be seen in Appendix A, with a similar search strategy used for the other databases.
Study Selection
A two-step review of all articles returned by the search strategy was performed. First, each search result was screened by titles and abstract to decide if they met the inclusion criteria. Second, full text of the chosen articles was then assessed to confirm if they met the inclusion criteria and that the primary outcome was reported in the study. Finally, reference lists of relevant articles were hand 
Data Collection
Data were extracted from the final selected articles and are tabulated in Tables 1 and 2 . Data fields included country of study/ region, time frame of data acquisition, number of indigenous TBI patients, etiology of TBI, comparison groups, and TBI-associated social determinants of health.
Statistics
Because the goal of this study was to provide a systematically conducted review of the literature surrounding social determinants and TBI in the North American indigenous populations, only a description of the available literature was provided. No statistical analysis was performed. Figure 1 outlines the search strategy and process of final article selection. The search strategy identified 600 results. A total of 139 were identified as duplicate results, leaving a total of 461 unique results to review during the first phase of the filtering process. During review of the abstract and title of these 461 results, 48 met the inclusion/exclusion criteria. Upon review of the full manuscripts of these 48 articles, 10 met the inclusion/exclusion criteria. The 38 articles excluded were done so because they were either not focused on North American indigenous populations or they had no mention of social determinants linked to TBI. Thus, overall, 10 manuscripts were identified with some mention of associated social health determinants linked to TBI in North American indigenous populations.
RESULTS

General Study Demographics
Of the ten studies included in the final review, only two were from Canada 6, 12 and eight were from the United States. 3, 7, 8, [13] [14] [15] [16] [17] The Canadian-based studies focused on indigenous peoples in Saskatchewan 6 and Quebec. 12 The remaining US-based articles focused on the general population in four papers, the Alaskan population in three, and the Arizona population in two. The data for the Canadian and US-based studies can be seen in Tables 1 and  2 , respectively.
The majority of studies compared the rates and causes of TBI to the general population in their respective areas.
The incidence of TBI in the indigenous populations varied significantly, as seen in Tables 1 and 2 . The highest recorded incidence was 25.7% 6 within a single-center study. The overall typical population based incidence of TBI deaths in the indigenous population was approximately 27 per 100,000 compared with 18.4/100,000 in the entire population. 3 The etiology of TBI was fairly consistent across studies, with MVA, falls, and assaults leading to the number one, two, and three causes of TBI, respectively. 3, 13 Assaults and firearm-related causes of TBI and TBI related mortality were disproportionately represented as causes of TBI, when compared with general population data.
3,15
Associated Social Determinants Identified
There are 11 social determinants of health (excluding culture) defined by Health Canada which include; Income and social status, social support networks, education and literacy, employment/ working conditions, social environments, physical environments, personal health practices and coping skills, healthy child developments, biology and genetic endowment, health services, and gender. The US Centers for Disease Control and Prevention (CDC) has published its own version of health determinants, for which it defines only five: economic stability, education, social/community context, health/health care, and neighborhood/built environment. Despite our review focusing on both Canadian and US-based literature, we avoided using the CDC determinants of health given that the Health Canada determinants were much more detailed and allowed for a more comprehensive assessment of contributing health determinants in North American TBI in indigenous populations.
Throughout this review, only six social health determinants have been associated to TBI in the North American indigenous populations: rural location (physical environment) in seven studies, male gender in five studies and female gender in one study (in the setting of interpersonal violence) (gender), substance use in four studies and failure to use personal protective equipment in one study (personal health practices and coping skills), interpersonal violence in one study (social environment), availability of rehabilitation services in one study (health services), and lack of family and friend presence during meetings with health care professionals in one study (social support network). The top three social determinants (based on the number of studies describing these determinants) linked to TBI in North American indigenous populations are physical environment (seven studies), gender (six studies), and personal health practices and coping skills (five studies). Summary of the individual study characteristics can be seen in Tables 1 and 2 , with the health determinants identified in each study listed in the last column of both tables.
Three studies documented a statistically significant difference between indigenous and nonindigenous comparison groups, with reference to social determinants of health linked to TBI. These studies identified a significant difference in the rates of all of the previously mentioned social determinants, except male gender. This is exemplified within the Canadian-based studies, where indigenous TBI patients displayed higher substance use (13/18 vs 5/52; p < 0.0001), rural/reserve living environment (14/18 vs 29/52 rural/reserve; p < 0.0001), less family availability (0.33 vs 1.04 mean family conferences; p < 0.0001), and less rehabilitation services (8/18 vs 47/52 patients with resources available; p < 0.0001). 6 Similar trends are found within the US-based studies (Tables 1 and 2 , including the parent papers referenced within this review, show details on the absolute numbers).
DISCUSSION
All-cause trauma is a major contributor to death within the indigenous populations of North America. 18 Population-wide studies of mortality indicate that indigenous people have the highest mortality rate within the following demographic categories: race/ethnicity, falls, and MVAs. 3 Similarly, Dudley et al 12 discuss the indigenous population of Quebec reported a rate of TBI of four times the general Canadian population. Comparatively, the indigenous population suffers TBI at higher incidence than the general population, as Rutland-Brown et al 7 described. This population suffers TBI at a rate of 71.5/100,000 compared with 70.9/100,000 for all ages. 7 This number increases greatly for young adults in the 20-to 44-years of age range, which noted a 30% increase of TBI in the indigenous population compared with the general population. 7 Despite this, there has been little research done in the area of social determinants of TBI, specifically in the indigenous populations. On a Canadian province-to-province basis, Quebec and Saskatchewan were the only provinces with published data on TBI in the indigenous populations. This simple lack of available literature sparked this review.
Trends Identified With the Review
Through completing this review, the following social determinants of health have been linked to TBI in the North American indigenous populations: physical environment, gender, personal health practices and coping skills, social environment, health services, and social support network. These determinants were highlighted through common themes of suffering from substance abuse, violence, living in a rural setting with limited access to health care, and being involved in a motor vehicle collision.
Physical Environment
Societal and health inequalities on many First Nations lands are excessive, and living conditions are substandard. 19 Socioeconomic status (SES) and its direct implications with respect to TBI are not well documented; however, the indigenous population is known to suffer greater health disparities than the general population. 20 Therefore, it can be extrapolated that there exists a potential indirect link between poor SES and TBI, with poor SES manifesting as a function of social factors such as increased risk-taking behavior, social dysfunction, and lack of educational resources. 21 For example, approximately 35% of indigenous people in Manitoba live on a reservation. 22 This is just a single Canadian example of the remote physical environment in which some North American indigenous people live. Geographic location was described as a factor contributing to TBI in this population; such factors contributing to TBI were rural locations having decreased access to health services, 3 varied governance regarding seat belt laws on reservations, 7 and increased substance abuse on First Nations. 22 Lasry et al 23 discussed that living in reservation-based rural communities exposes these populations to increased risk of acquiring injuries resulting from a lack of infrastructure (unpaved roads). This promotes the use of alternative modes of transportation including all-terrain vehicles and snowmobiles, both of which carry the potential of higher incidence of TBI given lack of protection to their operators. 23 
Gender
Gender has displayed an overwhelming influence in TBI occurrence and was identified as a significant social determinant linked to TBI in the indigenous population within this review. Male gender was attributed to 41/100,000 TBI-related deaths (73% of all indigenous TBI-related deaths) in the indigenous populations versus 14/100,000 (27% of all indigenous TBI-related deaths) in indigenous females. 3 In comparison, the incidence of TBI-related deaths within the white, non-Hispanic, North American population has been reported with rates of up to 29/100,000 (72% of TBI deaths in the white population), according to the CDC. 3 Furthermore, the rate of TBI-related death in white, non-Hispanic women is also lower than those rates reported for indigenous women, with 9.6/100,000 reported (28% of TBI deaths in the white population). 3 Through both the Canadian and US-based studies, almost every paper linked male gender to TBI in indigenous populations. This link can potentially be attributed to an increase in risk-taking behavior and specific personal health practices, such as alcohol abuse. Female gender was linked only to an increased risk of TBI within the indigenous population in reference to interpersonal/family-related violence. 16 
Personal Health Practices
Personal health practices are described as a determinant of health in Canada. 11 Frequently described health practices linked to TBI within the indigenous population were substance abuse and risk-taking behaviors. 6, 7 Other health determinants having an impact in conjunction with personal health practices were geographical location (usually rural) and violence resulting in assault, which is linked to social environment. 7, 16 Alcohol use was associated in the indigenous population when suffering a TBI. 6, 7 Blackmer et al 6 discuss that, in Canada, the indigenous population who had consumed alcohol prior to suffering a TBI was 83% compared with approximately 10% in the general population (p < 0.0001). Further, within the indigenous population, motor vehicle collisions were the highest cause of TBI.
14,24 These incidents were closely linked with alcohol use in this population. 6 Lack of protective equipment use such as seat belts in motor vehicles was also described as a contributing factor in this population related to acquiring a TBI. 7 This was found to be prevalent in combination with alcohol use; therefore, it could be deduced that failure to use safety restraints was related to alcohol use. These findings are notable because they display collective issues that can be seen across generations. 25 
Social Environment
Interpersonal violence was noted to be an overrepresented mechanism of injury in the younger indigenous populations. 16 Linton et al 15 noted women, more frequently than men, were victims of this type of violence resulting in TBI (odds ratio 1.35, p < 0.001). Men (47%) and women (32%) of indigenous decent were both more likely than Caucasian men and women, (21% and 8.5%, respectively) to experience TBI with a violent etiology (chi = 237.4 for females, chi = 445.5 for females; p < 0.01). 16 As discussed previously, the rationale of why this injury pattern is so prevalent in this community seems to have many factors that seem to involve a large number of variables, 23 including many social determinants of health such as SES, rural locations, culture, and personal experiences. 23 
Health Services and Social Supports
With respect to health services and social supports, Blackmer et al 6 explain there exists a lack of rehabilitation services and formalized care for those indigenous people suffering from TBI. Isolated communities' lack many services required to assist patients after TBI, especially if the person has suffered a moderate or severe TBI. Services people may require include outpatient physical therapy, occupational therapy, and long-term care. 23 With the lack of available supports, family members often become burdened with caring for these individuals alone, which can in turn cause a host of issues (financial, physical, and mental) for both the patient and family caregiver(s). 20 An example of this within Canada would be Manitoba's indigenous population, who are known to suffer greater health disparities compared with the general population. 26 Many individuals of this culture suffer marginalization resulting from assimilation, loss of land, forced attendance of residential schools, and subsequent abuse and neglect that has precipitated negative coping behaviors such as drug and alcohol abuse. 21 These post-assimilation factors are extremely comprehensive, as they are known to contribute to poorer health, lower socioeconomic statuses, and social disparities across the indigenous culture. 19 
Missing Trends
Despite the associated health determinants identified within this review, we know from epidemiological studies of general health in indigenous communities that other determinants such as lack of education within this population, low employment rates, and child health 27 are linked to health disparities. It is unclear why these particular social determinants of health have not been identified as determinants linked to TBI in the North American indigenous populations.
Health Canada 27, 28 reports that First Nations people are less likely to complete a high school education than their peers from other cultural backgrounds. There is an immense impact that education, or lack thereof, can have on several factors, including SES, health awareness, and greater access to resources. 27, 28 Lack of education, along with other influences such as low employment rates, has a direct link to SES. 29 SES affects health and well-being in many ways, and having low SES places an individual at a greater disadvantage, which only amplifies the inequities indigenous peoples already face. SES affects health status, poverty, nutrition, and mental health and illness, which all continue to have consequences in a social context. 29 King et al 20 explain the link between SES and substance addiction, which in turn places individuals at increased risk for injury. Ross et al 21 highlight that indigenous people who were subjected to residential school environments were noted to have an increased risk of alcohol abuse compared with individuals who did not attend residential schooling. This trauma is shown to have intergenerational effects, which places not only survivors, but also their children, at risk for many health disparities, including TBI. Despite the abundance of research into the detrimental effects residential schools, there continues to be a lack of epidemiological research into the secondary effects such as risk of TBI.
Implications and Future Directions
TBI is described as a considerable source of morbidity and mortality in the Indigenous population of North America. 15 Within this review, the lack of literature noting specific social determinants related to TBI was apparent. Strategies that may assist in addressing this issue are described further.
Community is known to be extremely important and connected to health and well-being in the indigenous population. 20 Interventions should be focused on collaboration with community organizations and be culturally guided. Collaborations with elders and respected members could help to bridge the gap between health care workers and individuals of the community. Ross et al 21 noted that failure to involve the wider indigenous population in the management and planning surrounding health issues within its own communities may lead to barriers in the understanding and acceptance of care. Advocating for indigenous health will facilitate improvement in resources, social programs, and access, especially in remote communities. 25 Advocating for this community on a governmental level can address the immense impact social problems, such as low SES, have in regard to health disparities such as TBI. 25 Injury prevention programs involving multidisciplinary teams and community groups, especially in rural and reserve areas, may strengthen bonds and empower communities to adopt knowledge to prevent injuries and prevent TBI. 20 In regard to culture and how imperative it is to include in this population's health care, King et al 20 explain that indigenous peoples see personal health as physical, mental, emotional, and spiritual health. The "western" medicine approach focuses mainly on illness and treatment. Care needs to focus on not only illnesses and treatment (i.e. treatment for substance abuse), but also to incorporate culture and community, assisting in understanding the effects these social determinants have on their culture in respect to physical, mental, emotional, and spiritual health. 20 Traditional healing practices such as healing circles and smudging ceremonies are important rituals in the indigenous community. Thus, it is important to incorporate these cultural practices, which address the mental and emotional aspect of healing in the indigenous culture. 24 If we are to engage the indigenous community in health promotion and provide culturally competent care, we also need to reflect on our own beliefs to provide unbiased health care to ensure we are meeting the needs of our clients. Blackmer et al 6 explain that indigenous people were offered family conferences less often, in addition to receiving less postdischarge care after TBI. 6 This identifies a disturbing statistic and reinforces the need for improved communication and collaboration between health care providers and cultural liaisons in the hospital setting. 6 Alcohol and substance abuse is prevalent in the indigenous communities. 21 Subsequently, alcohol is a major contributing factor in acquiring a TBI because it is related to the incidence of MVSs, violence, and lack of protective equipment use. 3, 16 Collaboration with community elders and the community to develop substance abuse programs and address addiction and its risk factors would benefit this population immensely to reduce the risk of suffering a TBI. 6 Improvement in community resources to assist in education for children, adolescents, and young adults to develop both healthy living styles and disease prevention techniques could potentially assist younger generations in improving health practices and coping skills. Additionally, this may reduce the risk of alcohol addiction and its consequences. Treatment programs for addiction located within the community would assist the indigenous peoples, especially those living in rural and on reserve areas, because there is a current lack of accessibility to such treatment facilities. 16 Despite the defined social determinants described within this review, the underlying social, cultural, and physical environment issues that indigenous people have been, and continue to be subjected to, cannot be overemphasized. 25 These issues need addressing through promotion of healthy public policy and social justice because it is clear from this review that there are significant disparities between the indigenous and general North American populations. Health promotion is key to assist the indigenous people in combating all disease and preventing illness in the future. 30 Working with the communities to develop strategies that would effectively communicate the importance of prevention and understand the devastating effects TBI can have would be beneficial. 20 With respect to holistic health, strategies that promote mental health and enact positive coping strategies to deal with the past effects of trauma could be helpful on an individual as well as community level. 20 Interventions such as counseling groups incorporating indigenous culture/practices may have a positive impact on the negative coping skills that some have adopted to deal with previous trauma. 23 
CONCLUSIONS
To date, limited literature is available on the social determinants that affect TBI in the North American indigenous populations. Further research is warranted to better determine the incidence and social determinants associated with TBI. 
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